A seroprevalence and risk factor study of emerging tickborne infectious diseases (Lyme disease, ehrlichiosis, and babesiosis) was conducted among 230 residents of a semirural community in Sonoma County, California. Over 50% of residents reported finding a tick on themselves in the preceding 12 months. Samples from 51 (23%) residents were seroreactive to antigens from one or more tickborne disease agents: 1.4% to Borrelia burgdorferi, 0.4% to Ehrlichia equi, 4.6% to Ehrlichia chaffeensis, and 17.8% to the Babesia-like piroplasm WA1. Only 14 (27%) of these seroreactive residents reported one or more symptoms compatible with these diseases. Seroreactivity was significantly associated with younger age (õ16 years), longer residence in the community (11 -20 years), and having had a physician's diagnosis of Lyme disease. In northern California, the risk of infection with these emerging tickborne diseases, particularly in children, may be greater than previously recognized.
In the last decade, tickborne infectious diseases in humans a novel Babesia-like piroplasm, designated WA1, has been identified as an infectious agent of humans in the western have been the focus of increased interest and concern [1, 2] . While cases of established tickborne infectious diseases (Rocky United States [6 -8] . The first case of human monocytic ehrlichiosis (HME), caused by infection with the rickettsia EhrMountain spotted fever, Colorado tick fever, tularemia, and relapsing fever) continue to occur in the United States, several lichia chaffeensis and apparently transmitted by Amblyomma americanum ticks, occurred in an Arkansas patient in 1986 [9 -newly recognized tickborne diseases (Lyme disease, babesiosis, and two forms of ehrlichiosis) have been described since 1975. 12] . Human granulocytic ehrlichiosis (HGE), caused by an organism closely related or identical to Ehrlichia equi and most Lyme disease is caused by infection with the spirochete Borrelia burgdorferi. It is transmitted to persons in North America likely transmitted by one or more Ixodes species, has been more recently described [13 -15] . through the bite of Ixodes scapularis and Ixodes pacificus ticks and is currently the most frequently reported vectorborne disNorthern coastal California, with the northeastern and upper Midwest states, is one of three principal regions in the United ease in the United States [3] . Babesiosis is a malaria-like infection of erythrocytes caused by the protozoan parasite Babesia
States that is Lyme disease -endemic [16] . Humboldt, Lake, Mendocino, and Sonoma counties accounted for 40% of 716 microti. It is transmitted by I. scapularis and is most frequently reported in the northeastern United States [4, 5] . Recently, Lyme disease cases reported in California during 1991 -1994 (CDC, unpublished data). A recent active surveillance study in these counties estimated the annual incidence of early Lyme disease at 5.5 cases/100,000 population [17] . However, the true JID 1997; Teknika, Westchester, PA) was added. The slides were incubated for to attend one of six local meetings was mailed to every household 20 min, washed in PBS for 5 min, mounted with coverslips in 90% 1 week prior to the investigation in August 1994. Persons who glycerol in TRIS buffer, pH 8.5, and read in a fluorescence microwere not residents of community A at the time of the study were scope. Serologic results were reported as the reciprocal of the highest excluded from participation. Residents who did not attend one of dilution at which specific fluorescence was observed. Titers of §64 the six meetings were telephoned and encouraged to attend a final were considered reactive. seventh meeting.
Samples were tested for antibodies against intraerythrocytic stages Questionnaire. At each meeting, study participants were asked of Babesia-like piroplasm WA1 and B. microti isolates by IFA. The to complete a self-administered questionnaire; parents completed WA1 antigen was originally obtained from a naturally infected patient separate questionnaires for themselves and for each of their chilfrom eastern Washington State [7] ; the B. microti antigen was from dren. Information was obtained about demographic factors (e.g., a naturally infected patient from Minnesota [24] . Both isolates were age, sex, ethnicity), duration of residence in community A, size maintained by serial passage in female golden hamsters. Antigen and character of residential property, pet ownership, recreational slides were prepared as previously described [25] and fixed in acetone. activities and travel, and preventive measures used against tick Before use, slides were removed from the freezer and thawed at 37ЊC bites. Participants were also asked to indicate if they believed they for 10 min. Serial 2-fold dilution of sera in Dulbecco's PBS (DPBS, had ever had Lyme disease, whether they had been diagnosed with pH 7.2; GIBCO Laboratories, Grand Island, NY) were made, starting and treated by a physician for Lyme disease, and what symptoms at 1:80 and ending at 1:5120. Diluted sera (10 mL) were placed in they associated with their illness.
separate wells on the slide. Slides were incubated at 37ЊC for 25 min Seroepidemiology. A 10-mL sample of venous blood was obin a moist chamber, washed for 5 min in DPBS, and dried with cool tained from community A study participants following completion air. Ten microliters of fluorescein-conjugated polyclonal goat antiof the questionnaire and informed consent. A second series of human IgG (H/L) (Kirkegaard & Perry Laboratories, Gaithersburg, serum samples to be used as a comparison group was collected MD) was added to each well. After a 25-min incubation and a 5-from residents of counties in northern California with low reported min wash, an overlay of 25% (wt/vol) glycerin/PBS and a coverslip incidences of Lyme disease. These serum samples were obtained were placed on each slide. Positive and negative controls were run from units of blood donated to a collection facility in Sacramento with each series. Slides were read independently by 2 observers using County over a 2-day period in February 1995. a fluorescence microscope (Zeiss, Oberkochen, Germany). Results All samples were tested for antibodies to B. burgdorferi by were reported as the reciprocal of the highest dilution at which specific methods described previously [19, 20] , with minor modifications.
fluorescence was observed. Titers of §320 were considered reactive. Briefly, samples were tested by combined IgG and IgM EIA using Statistical analysis. Differences between groups were deteras antigen a flagellar preparation from high-passaged prototype B.
mined by the Pearson x 2 test of independence or Fisher's exact burgdorferi sensu stricto strain B31, isolated from I. scapularis test (two-tailed) for nominal variables and by Kruskal-Wallis analcollected in New York [21] . All samples demonstrating equivocal ysis of variance by ranks for continuous variables. Factors associor positive range reactivity in EIA underwent subsequent confirated with the number of recognized tick encounters were assessed matory testing by IgG Western immunoblotting using as antigen using multiple linear regression. Factors associated with seroreactwo different sources of low-passaged B. burgdorferi B31 and a tivity were evaluated using fixed-effects multiple logistic regresCalifornia isolate, CA92-0953 (MarDx Diagnostics, Carlsbad, sion. Household clustering of seroreactive persons was assessed CA). The California strain was isolated in 1992 from an erythema by fitting a logistic-binomial regression model. Associated probamigrans lesion of a patient exposed in Mendocino County, Califorbilities of P õ .05 were considered statistically significant. nia (unpublished data). The B31 and California strains express a full complement of proteins for testing and analysis of Western ber of horses owned (P õ .01), number of dogs owned (P õ † Kruskal-Wallis analysis of variance.
.01), hours per week engaged in yard work (P Å .02), and property size (P Å .03) were positively associated with the number of recognized tick encounters. were residents of six neighboring counties (Butte, El Dorado, Nevada, Placer, Solano, and Yolo). Forty-one (33%) of the A total of 29 (12.6%) participants stated that they believed they had Lyme disease currently, at some time in the past, or comparison group participants were female, and the median age was 44.5 years (range, 18 -80). both. Of these, 22 (76%) reported that they had been diagnosed with Lyme disease by a physician. The symptoms most frequently Fifty-one (23%) community A serum samples had antibodies to §1 tickborne agents: 3 (1.4%) to B. burgdorferi, 10 (4.6%) reported by these persons were joint pain or stiffness (92%), muscle ache (92%), a circular red rash (62%), and fever (58%).
to 
Discussion
The recent identification of human monocytic and granulocytic ehrlichioses and the continuing rise in reported Lyme B. burgdorferi between the B31 and CA92-0953 strains used disease cases have raised concern about these and other emergfor immunoblotting. None of 124 sera from the comparison ing tickborne diseases throughout the country [26 -34] . This is group was reactive to B. burgdorferi, E. chaffeensis, E. equi, the first serologic survey in the western United States to docuor B. microti; 25 (20.1%) were reactive to WA1. ment exposure to several emerging tickborne pathogens in one Community A residents who were seroreactive to at least community. While Lyme disease has previously been well docone agent were more likely to have had a physician's diagnosis umented in California, the results of this study suggest that of Lyme disease than were residents who were seronegative exposure to babesiae and ehrlichiae, particularly among chil-(25% vs. 6.7%; P õ .01; table 3). Of the 24 residents who dren, may be more common than clinically recognized and reported having a physician's diagnosis of Lyme disease, 13 reported. (54%) were seroreactive to §1 agents (3 to B. burgdorferi, 3 During the 3 years preceding the present study, Lyme disto E. chaffeensis, and 7 to WA1) compared with 38 (20%) of ease incidence in Sonoma County was estimated at 10.1 and 190 residents who were not so diagnosed (P õ .01). All 3 15.8 cases/100,000 person-years by passive (CDC, unpublished (100%) B. burgdorferi -reactive, 3 (30%) of 10 E. chaffeensisdata) and active [17] surveillance, respectively. During this reactive, and 8 (21%) of 39 WA1-reactive persons reported at same time, 34 (Ç7.5%) residents of community A claimed to least one symptom; 35 (69%) seroreactive persons reported no have contracted Lyme disease, suggesting that the incidence symptoms. The 8 WA1-reactive persons who reported sympof Lyme disease in community A might be higher than that in toms had significantly higher titers than did the 31 asymptomSonoma County in general. Although õ1% -2% of adult I. atic WA1-reactive persons (P Å .03).
pacificus ticks in Sonoma County are estimated to be infected Nine (50%) of 18 persons õ16 years old were seroreactive with B. burgdorferi [35, 36] , populations of ticks are often compared with 41 (21%) of 197 persons §16 years old (table focally dense, thereby increasing the potential for exposure in 4). Persons who were residents of community A for 11 -20 some regions. In the present study, 29 participants believed years were significantly more likely to be seroreactive than they had contracted Lyme disease while living in community residents of £10 years (odds ratio 4.4, adjusted for age; 95% confidence interval, 2.0 -9.6). Eight (10%) of 79 multiperson households had ú1 seroreactive member, but statistical evi- Although HGE was originally identified in a patient from Minnesota and most cases continue to be reported from the clinical manifestations and nonspecific symptoms, Lyme disease can be misdiagnosed as a variety of other flu-like illnesses.
upper Midwest [13] , HGE has also been diagnosed in patients in Connecticut, Maryland, New York, Florida, and California Conversely, in areas such as community A, where Lyme disease is endemic and awareness among physicians and the public [15, 49] . A 1990 study found elevated titers to E. equi in 50% of 64 healthy horses from two California ranches in the is high, other conditions causing flu-like symptoms may be erroneously attributed to Lyme disease [37, 38] .
foothills of Mendocino County, just north of Sonoma County [50] . However, the serologic results of the current study sugThis study identified only persons with currently detectable antibodies to B. burgdorferi. Some of the seronegative gest that in human residents of this area, HGE is less common than HME. Despite 92.8% genetic homology between E. chafresidents may have been previously infected with B. burgdorferi but failed to mount a detectable antibody response feensis and E. equi [11] , there is little cross-reactivity between these 2 agents on standard serologic tests [13, 51, 52 ]. Therebecause of early treatment [39] , or they may have lost detectable antibodies over time. Most persons infected with B.
fore, it appears from our study that both HME and HGE are present in northern California, although at different prevaburgdorferi produce a strong IgM response within 2 -3 weeks of being infected, followed in 4 -6 weeks by an IgG lences.
The first recognized case of human infection with the Baberesponse that can persist for §3 years [40, 41] . Ten community A residents believed they currently had Lyme disease sia-like piroplasm WA1 was in a resident of Washington State in 1991 [6] . Four cases of illness caused by infection with a (including the 3 who were seroreactive); for the 19 residents who claimed to have had Lyme disease in the past, the me-WA1-like organism were reported in California in the subsequent 2 years; all patients were asplenic, and 1 Sonoma County dian time since onset of symptoms was 53 months (range, 3 -315) . While the immune response of individuals is not resident died [8, 53] . Recent studies in two Northern California communities detected antibody titers §160 to WA1 in 3.5% static, the serologic test for IgG antibodies to B. burgdorferi used in this study is fairly sensitive (Ç83% for persons tested and 16% of asymptomatic persons [8] . The seroprevalences of 18% and 20% for the Sonoma and Sacramento samples, after the first few weeks of illness [42] ), and the number of false-negative results is probably small.
respectively, in the present study suggest that exposure to a WA1-like agent may be more common in California than the Recent studies indicate that substantial genetic diversity exists among B. burgdorferi sensu stricto isolates within the low number of reported cases suggests. It should be noted that 8 of the participants in the Sacramento sample were residents United States [43] . Although variable levels of specific gene expression have also been documented among these isolates, of rural foothill communities and may have had opportunity for tick exposure comparable to that of the Sonoma participants. several common-source strains of antigen for EIA and Western immunoblot have demonstrated comparable diagnostic Considering only the 116 urban residents in the Sacramento sample and using a more conservative serologic cutoff (titer sensitivity and specificity [44] . In a study by Aguero-Rosenfeld et al. [45] , Lyme disease patients demonstrated similar §640), 2 (1.7%) of 116 were positive for WA1 antibodies, significantly fewer than the 19 (8.7%) of 219 community A or less immunoblot reactivity with their homologous strain isolates than with B31. Likewise, in the current study, no residents (P Å .01).
As with Ehrlichia species, asymptomatic or subclinical indifference in the interpretation of immunoblot reactivity was observed using either the B31 strain or the California patient fection with a WA1-like agent may be more common than previously recognized: In the current study, 80% of participants strain. These results suggest that in the context of the utilized immunoblot assays, the California B. burgdorferi strain does reactive to WA1 recalled no illness. The persistence of detectable antibodies to WA1 following infection is unknown. Elenot express antigens that differ significantly from those expressed by the B31 strain. vated titers have been measured for up to 5 years, but it is uncertain whether these cases represent chronic subclinical inFrom 1987 to 1994, ú300 cases of HME from 27 states were reported to the Centers for Disease Control and Prevention fection or a persistent immune response to a resolved infection [8] . Attempts to identify active parasitemia in, and to isolate [46] . Most of these cases occurred in the southeastern and south-central states [47] ; however, in May 1994, a case of WA1-like organisms from, WA1-reactive residents of community A have been unsuccessful to date. HME was diagnosed in a California resident of Marin County, just south of Sonoma County [48] . Although the severity of E.
Infection with ehrlichiae or babesiae may account for some illnesses in community A residents that were previously attribchaffeensis infections can vary from asymptomatic to fatal, the ratio of clinical to subclinical infections is unknown. The uted to or diagnosed as Lyme disease. Thirteen (54%) of the 24 community A residents who reported a physician's diagnosis estimated seroprevalence to E. chaffeensis of 4.6% in our study participants, most of whom recalled no specific illness, suggests of Lyme disease were seroreactive to 1 of the 3 organisms, a proportion significantly greater than the 20% who were serorethat mild or subclinical illness due to infection with an E. / 9d2a$$ju20 04-23-97 20:29:03 jinfa UC: J Infect active among those not so diagnosed (P õ .01). It is possible or believed they were at greater risk for infection may have been more likely to participate. Nonetheless, this study conthat the mild, nonspecific constitutional signs and symptoms typical of clinical infection with Ehrlichia or Babesia species firms that residents of northern coastal California are at risk of infection with several emerging tickborne pathogens. Health were mistaken for or misdiagnosed as Lyme disease.
The tick vectors for ehrlichiae and babesiae in California care providers in northern California should be aware of these organisms as potential disease agents in patients with clinically are unknown. In the upper Midwest and northeastern United States, I. scapularis is the known vector of B. burgdorferi and compatible illness, particularly following exposure to ticks. the suspected vector of B. microti and the causative agent of HGE [13, 54, 55] .
It has yet to be demonstrated whether I. pacificus, the recognized principal vector of B. burgdorferi on
